Abstract. The use of metallic lead or bismuth targets is limited at high beam currents due to their low melting point. In order to increase the intensity for irradiation, we investigated chemical compound targets with higher melting temperature. The properties of these targets are promising for further increase of the sensitivity in experiments searching for superheavy elements. The target material is controlled in each step of the production process as well as after the irradiation by optical microscopy, weighing, scanning electron microscopy (SEM), and energy-dispersive x-ray analysis (EDX). In some cases also wavelength dispersive x-ray analysis (WDX), and Atomic Force Microscopy (AFM) are applied. We report on the synthesis of the target material, the production of the targets and their application in heavy-ion experiments.
INTRODUCTION
Since the production cross-sections for heavy elements are decreasing with increasing atomic number [1] , the beam intensities on the targets have to be increased to keep the irradiation times at a reasonable length. We were following different approaches in making the targets withstand intensities of 10 13 /s and more for the heavy element program [2] . We presented the compound PbS [3] with a melting temperature of 1130°C as a possible candidate to substitute the metallic Pb targets having a melting temperature of 327.5°C.
In the following we present our extensive studies on the production and characterization of 208 PbS and some experiences collected on irradiation of 208 PbStargets. A series of different analyzing methods was applied to complement each other and check the results for reliability. Additionally we report on our first attempts on finding a suitable compound to substitute metallic bismuth having an even lower melting temperature of 271.3°C with candidates being Pb 2 S 3 , Pb 2 O 3 , and PbF 3 , respectively.
PREREQUISITES FOR COMPOUNDS
To find promising candidates in compounds as substitutes for the metallic Pb and Bi, respectively, one has to concentrate on some prerequisites to narrow the choices.
The melting temperature of the compound should be considerably higher than 400 °C to profit from cooling by radiation losses. But the evaporation temperature should not be too high to guarantee the survival of the carbon backing and allow for thermal evaporation. Evaporation with an electron beam gun implicates a considerably higher material consumption which could be very cost-intensive for highly enriched material.
Additionally the compound should have a well defined stoichiometry to guarantee a known and homogenous distribution of the target atoms across the target area. For intensity reasons the fraction of the target atoms in the compound should be as high as possible and the mass of the other component as low as possible.
LEAD COMPOUNDS
We investigated several lead compounds namely PbS, TmPb 3 and PbO. The latter compound was ruled out rather fast since the phase diagram of Pb-O is very complex and the different oxides of lead tend to transform into one another upon heating. Tests with the Tm 208 Pb 3 showed that the masses of Tm and Pb do not differ enough for an efficient separation. What is more, the evaporation residues of Tm with the projectile 40 Ar are α-emitters which disturbs the detection of new elements considerably. That means that PbS is our favorite as substitute for metallic Pb.
Synthesis of the starting material
Lead sulfide has a melting temperature of about 1130 °C, but at approximately 950 °C it already has a vapor pressure of 10 -3 bar. The vacuum condensed targets look homogeneous and are of deep black color. They do not show any signs of aging, oxidization, or other visible alterations within months, even after irradiation, and they are mechanically very stable.
In the beginning of our investigations we used starting material processed by Trace Sciences 1 . As the compound looked more and more promising we decided to do the synthesis of the sulfide on our own to be independent from external laboratories. We started the process with PbO which was dissolved in HNO 3 . Then the PbS was precipitated with (NH 4 ) 2 S and the product was washed, filtered, and dried. With this procedure we achieve an average yield of 98.4 %.
Production of 208 PbS-targets
For the production of SHIP-targets eight bananashaped aluminum frames with about 35 µg/cm² thick carbon backings are mounted on an evaporation wheel inside a box coater, as can be seen in Fig.1 . The Tacrucible filled with the starting material is positioned approximately 5 mm below the evaporation wheel. Fig.2 shows the tantalum crucible clamped between two copper electrodes underneath the target frame with the mounted carbon backing.
For eight PbS-targets of about 450 µg/cm² thickness a total initial weight of about 165 mg is needed in the current arrangement, which means an efficiency of about 40 %. Directly after the evaporation of the PbS an additional layer of about 15 1 www.isotopetrace.com µg/cm² C, as protection layer against sputtering effects, is deposited without breaking the vacuum in between. The graphite rod clamped between two electrodes is shown at the bottom of the vacuum chamber in Fig.1 . 
Irradiation of 208 PbS-targets
208 PbS-targets were already irradiated in several beam-times. Using 50 Ti-and 40 Ar-projectiles for the synthesis of rutherfordium-and of fermium-isotopes for 12 h and 19 h, respectively, the rate of evaporation residues expected on the basis of cross-sections estimated in previous runs using targets of metallic lead were observed. The targets showed no sign of Details of these measurements can be found in the contribution of D. Ackermann to this conference [4] .
Characterization and structure of PbS
We made efforts to characterize the PbS-targets after production, during and after irradiation as good as possible. During irradiation targets are monitored by measuring projectiles scattered elastically by the target nuclei. In none of the experiments with PbS a significant reduction of the rate of scattered projectiles was observed, which would indicate material loss or alteration of the target material. This was affirmed by weighing and x-ray analysis of irradiated targets in comparison with non irradiated targets as a standard. Yet, in regions where the beam hit the target intensively the deep velvet black color of the surface gets a slight metallic glint.
With a scanning electron microscope (SEM) we investigated the PbS-layers before and after irradiation and found some unusual structure. As can be seen in Fig.3 and on the left side of Fig.4 the PbS forms an almost sponge-like structure with walls roughly aligned in one direction that, upon irradiation, does not change in principle. Only the walls seem to fold up and criss-cross more randomly. Additionally one can see on a larger scale a hilly structure in both pictures that is caused by the imprint of the betaine-sucrose parting agent on the carbon backing. With atomic force microscopy investigations (AFM) we found that the walls of the PbS-structure have a height and a "wavelength" of approximately 1 µm each, as can be seen in Fig.4 . Such a structure could, on principle, result in a wider excitation function since a heavy ion hitting a wall compared to one hitting a "void" would interact with a quite different number of target nuclei. Therefore we tried to influence the structure of the PbS-layer. 
Altering the structure of PbS
We report on first recent results on altering the structure only as a test for small targets and without rotation. Firstly we evaporated the PbS while heating the C-backing during evaporation with a quartz radiator to somewhat above 200 °C. To exclude the influence of the parting agent's structure we repeated the same procedure using a Ni-foil of 12.5 µm thickness as a backing instead. The SEM pictures in Fig.5 shows the resulting surface covered with very small "droplets". Evaporation on the Ni-foil without heating of the backing leads to a very fine-grained structure that cannot be resolved properly with the SEM. Additionally we tried a deposition with magnetron sputtering with a self-made pressed PbS sputter target. The plasma was not very stable and repeated ignition was difficult. Also sparking caused some problems.
The resulting PbS-layers looked uniformly showing only the betaine-sucrose structure like metallic lead but they were extremely fragile and brittle.
So heating is an easy way to alter the structure of PbS. Sputtering seems to be also a feasible alternative but certainly a longer development is necessary to produce durable targets
BISMUTH COMPOUNDS
Bismuth is the most favorable target element for the synthesis of odd heavy elements. Since metallic bismuth has a melting temperature of only 271.3 °C a higher melting compound is desperately needed already with the present intensities at SHIP. We considered three compounds in the beginning: Bi 2 S 3 , Bi 2 O 3 , and BiF 3 . We started with tests on Bi 2 S 3 which has a melting temperature of 850 °C, but with our standard thermal evaporation procedure we did not succeed in producing acceptable Bi 2 S 3 -targets. The material seemed to disintegrate during evaporation, indicated by a sharp rise in pressure
BiF 3
BiF 3 has a melting temperature of about 720 °C. The evaporation was performed as described above for PbS from a Ta-crucible. The evaporation worked without problems and we could readily produce targets for a test beam time. BiF 3 -targets were irradiated with a dose of about 2.1 x 10 18 40 Ar-particles and a maximum beam current of 2.3 particle µA. The durability of the targets was good, but alpha decays were detected that were assigned to evaporation residues from complete fusion reaction of 40 Ar with nat Ta. X-ray analysis of the targets substantiated the existence of Ta impurities in the targets resulting with the utmost probability from the crucible material. In the following we evaporated the BiF 3 from a platinum crucible. No Pt contamination could be found in this case. Further test in-beam are still lacking as well as a direct comparison of the reaction cross-section of BiF 3 compared to that of metallic Bi.
Bi 2 O 3
Bi 2 O 3 has a melting temperature of about 820 °C. From the experience with impurities in BiF 3 we chose a Pt crucible from the beginning. The evaporation worked in principle the same way as described before, but the failure of C-backings during the deposition process was significantly higher compared to PbS or BiF 3 . We produced several target wheels for test purposes but until now no Bi 2 O 3 target was irradiated. Hence no statements concerning the durability of this compound can be given.
SUMMARY
We reported on our recent investigations on compound targets that could substitute the metallic lead and bismuth targets thus defusing the problem of target durability with increasing beam currents. For lead the compound PbS is the most promising candidate with a very good stability during irradiation. We showed that we are able to alter the structure of the PbS significantly thus perhaps enhancing in future the performance during irradiation. For substitution of metallic bismuth we suggested BiF 3 or Bi 2 O 3 . The former already was tested in-beam once and showed a good lifetime. Further tests are essential for a decision in favor or against one of the compounds.
